The objective of this study was to explore the umbilical cord separation time, predictors, and healing complications from birth until the newborn was one month old.
Participants
Between April 2016 and December 2017, the study included 106 neonates born after [35] [36] [37] [38] [39] [40] [41] [42] weeks of gestation whose umbilical cord was cured with water and soap and dried later as well as newborns without umbilical canalisation whose mothers enjoyed a low-risk pregnancy.
Methods
The data collection procedure comprised two blocks: from birth to the time of separation of the umbilical cord and from cord separation to the first month of life of the newborn. Umbilical cord separation time was measured in minutes; socio-demographic and clinical characteristics were measured by means of questionnaires, and the external diameter of the umbilical cord was measured using an electronic stainless-steel calliper and trailing roller. PLOS ONE | https://doi.org/10.1371/journal.pone.0227209 January 10, 2020 1 / 17 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Furthermore, dry care would be less expensive for healthy newborns in hospital settings in high-income countries. In the same vein are the recommendations of the American Academy of Paediatrics [17] and the Spanish Association of Paediatrics and Standards Commission of the Spanish Society of Neonatology. These organizations also claim that only water, soap, and drying afterward are necessary for umbilical cord care; the application of antiseptic solutions can delay the separation of the umbilical cord and does not provide any benefit [18] . In highincome countries, where mortality is very low, important outcomes should include infections that occur in the first month of life, maternal satisfaction, and the time it takes for the cord to separate. There is good reason to conduct a study on the least expensive interventions available without specific topical umbilical cord care. Much of the concern of mothers and health professionals relates to uncertainty about the normal process of drying and detachment of the umbilical cord, including its appearance and the smell of decaying tissue [1] . Lack of knowledge leads families and professionals to use antiseptics for umbilical cord care frequently.
The main objective of this research is to analyse the natural separation process of the umbilical cord with dry care and its associated factors in order to determine the mean separation time of the umbilical cord of newborns, to know the incidence of omphalitis and other associated complications in the newborns' first month of life, and to determine what factors predict cord separation time.

Study design
A quantitative longitudinal observational analytical study was conducted to explore the umbilical cord separation time, predictors, and healing complications from birth until the newborn was one month old.
Setting and sampling
The participants were newborns in the public health system of the province of Jaén in southern Spain. In public hospitals of the province of Jaén, there were a total of 4,739 births in 2015 [19] , distributed as follows: south area, 1,979 (41.76%); western area, 514 (10.85%); eastern area, 1,216 (25.66%); and northern area, 1,030 (21.73%). The number of births from high-risk obstetric pregnancies in the same year in the province of Jaén was 904, so the reference population is 3,835.
Inclusion criteria: Newborns who were between 35 and 42 weeks of gestation; who had their umbilical cord cured with water and soap and dried later; and whose mothers were over the age of 18, enjoyed a low-risk pregnancy, and consented to participate in the study.
Exclusion criteria: Newborns with umbilical canalization and language barrier with the mother of the newborn.
A stratified random sample was adopted. To identify the population and select the unit of analysis, a list of pregnant women attending the ultrasound consultation at 33 weeks of gestation was used. Pregnant women were selected randomly and equitably on a monthly basis. After the literature review, we established an error of no more than seven hours in the estimate of a mean separation time and assumed a standard deviation of 37.42 hours; for a population size of 2,619 with correction for finite populations (95% confidence interval, bilateral) a total of 105 neonates would need to be included in the study. First, a probabilistic selection was carried out by clusters of the sample, where the hospitals were selected in the first stage. In the second stage, we selected the mother-newborn binomial to be measured, and a proportional sample stratification was carried out through fh: n/N = ksh [20] . The eastern-area hospital did not meet the inclusion criteria, because it cares for the cord with alcohol solution, so it was eliminated from the study.
After selecting the participants, researchers informed them about the study through a personal pre-birth visit. Participants signed an informed consent document, and researchers provided a 'reminder sticker' so they would not forget to tell them the day they went into labour.
Measures
Dependent variables. Umbilical cord separation time. Is time when the umbilical cord naturally separates from the infant; measured in minutes from the time of birth to the time of complete separation of the newborn's umbilical cord, by the lead researcher (midwife).
Healing complications. Occurrence of neonatal omphalitis, measured according to the National Healthcare Safety Network belonging to the Centers for Disease Control and Prevention surveillance definitions and criteria [21] ; other complications: granuloma, cutaneous navel, umbilical cord hernia, late separation of the umbilical cord, supraumbilical hernia, persistence of the omphalomesenteric duct, congenital anomalies of the urachus, and slight bleeding after separation [8] (measured by midwife observation and derivation for medical diagnosis).
Independent variables. Type of care. The different actions carried out in the dry umbilical cord care: how often the umbilical cord gets wet, pH of soap used, type of bath for neonates, wearing a garment that tightens the newborn's body, placing the newborn's diaper under the umbilical cord, and covering the umbilical cord with clean gauze.
External diameter of the umbilical cord. Measured by means of an electronic stainless-steel calliper and trailing roller, with a measuring range up to 150 mm, with an accuracy of 0.02, a measuring mouth of 40 L in mm, a resolution of 0.01 mm/0.0005 in, an operating temperature of 0-40˚C, and a maximum humidity of 80%, with IP54 protection against dust and water. Measurements were performed in the first 12 hours of life of the newborn.
In Table 1 we can see the independent secondary variables of the studied population. Data collection procedure. Data collection was conducted from April 2016 to December 2017. The process was comprised of two blocks:
From birth to the time of separation of the umbilical cord. There were three visits to the newborn: First visit: at the hospital, within the first 12 hours of the newborn's birth; the lead researcher (midwife) collected clinical data from the delivery process and the newborn and performed a clinical evaluation of the umbilical cord and measurement of its external diameter. Second visit: at the family home, three days after birth; the same researcher monitored the umbilical cord clinically with special consideration of the evaluation criteria of omphalitis and care for the umbilical cord. Third visit: at the family home, two days after umbilical cord separation; once again, the same researcher monitored the umbilical cord clinically, paid attention to the occurrence of complications in the healing process, and collected data about how many times the cord got wet and the umbilical cord separation time.
From cord separation to the first month of life of the newborn. Monitoring of the evolution of the healing process. The mothers were previously instructed in writing about the warning signs and normality. The researcher contacted the mothers of the newborns weekly by telephone for information and photos of the umbilicus of the newborns.
Statistical analysis. A univariate descriptive analysis of frequencies and percentages was performed for qualitative variables such as the occurrence of complications in healing, and the baseline characteristics of participants, including socio-demographic and clinical information, were summarised (see S1 File). The mean, standard deviation, and median were used to determine the cord separation time and other quantitative variables. A bivariate analysis was performed to compare dependent and independent variables and dependent endpoints with each other. Diagnosis of normality was previously made through the Kolmogorov-Smirnov test to determine the use of parametric or nonparametric tests. To determine the association between different umbilical cord care and cord separation time and to determine the association between umbilical cord separation time and socio-demographic and clinical variables, the Student's t, Mann-Whitney-U, and Rho-Spearman tests were used, depending on the hypothesis contrast. To contrast the association between the cord separation time and cord diameter, the R-Pearson test was used. To measure the association among different umbilical cord care, socio-demographic and clinical variables, and healing complications, depending on the hypothesis contrast, the following were used: Fisher exact test, simple binary logistic regression, and Chi Square test.
A multivariate analysis using multiple linear regression was carried out to determine the predictors of umbilical cord separation time. The independent variables were operationalised, according to requirements of coding the independent variables in multiple regression models, and the polytomous independent variables were established as dummy variables. The continuous independent variables were maintained with the original numerical value, and the dichotomous variables was coded as 1 and 0. The backward stepwise regression method was used in this study. We included in the analysis those variables that correlated in the bivariate analysis and the variables recommended by the literature. The precaution was not to include an Umbilical cord separation time, predictors and complications excessive number of variables according to sample size [22] . Diagnostic testing of the model was performed, and the following criteria were met: independence of residues: Durbin-Watson; residue normality: Kolmogorov-Smirnov residue; linearity: seen with partial regression graphs; homoscedasticity: graph of standardised residue; non-collinearity: variance inflation factor and tolerance. Analysis of the extreme values was performed with Cook's Distance. All statistical analyses were conducted using IBM SPSS version 24 [23] . P values of .05 were considered statistically significant.
Ethics
The study was conducted in accordance with the basic principles for all medical research [24] , respecting the applicable legal precepts regarding the protection of personal data, as well as the rights and obligations referred to health information, healthcare records, and documentation. Jaén Research Ethics Committee (26 November 2015) approved the study. Considerations such as confidentiality, voluntary participation, and full information on the nature of the study were extended to all participants, and we obtained the informed consent of the women to participate. The women were reassured that their participation-or lack thereof-would have no influence on their clinical care.
Limitations
The conditions to which the umbilical cord was exposed could not be controlled, such as atmospheric conditions (temperature, relative humidity, pressure, wind, and rainfall), the level of hygiene of those who were in contact with the neonates, or the level of asepsis when cutting the umbilical cord at birth by the delivery professional.
Results
Difficulties were encountered in capturing the sample in the western zone, so we reluctantly decided to reject this population group. The sample size for the new population was recalculated, giving a total of 106 newborns, 55 newborns from the southern area and 51 newborns from the northern area. Table 1 shows socio-demographic maternal variables, and socio-demographic clinical newborn variables and labour variables.
Umbilical cord separation time
The mean umbilical separation time was 6.61 days (±2.33, IC 95%:6.16-7.05), and the median was 6.14 days. Fifty percent (P 25 -P 75 ) of the cords were separated between 4.97 and 7.65 days. The lowest and the highest umbilicus separation times were 1.97 and 13.96 days, respectively ( Table 2) .
When the cord separation time was compared with the different umbilical cord care, the findings demonstrated a statistically significant association with a large correlation force between separation time and how often the umbilical cord gets wet, with a statistical power of Umbilical cord separation time, predictors and complications 100%. Dividing the sample into those umbilical cords that got wet 0-4 times compared to those that got wet � 5 times, the findings were as follows: Student's t = -4.102, p value = 0.000. The mean of the group that wet the umbilical cord 0-4 times (8,548.68 min) was lower than the mean of the group that wet the cord � 5 times (11,116.20 min) , which is a statistically significant result with a statistical power of 97% (Cohen's d = 0.83). There was a large effect size and negative association; the r = 0.43 and r 2 = 0.18, so 79% of the 0-4 group was below the mean of the � 5 group. The probability that a neonate in the � 5 group will have a higher mean separation than another neonate in the 0-4 group if both are chosen at random is 47.4%.
In Table 3 we can see the correlation between umbilical cord care and separation time.
The outcomes were the following in the association between umbilical cord separation time and socio-demographic and clinical variables of newborns (Table 4) Some 
Umbilical cord healing complications
Regarding the appearance of complications in the healing of the umbilical cord, the incidence of omphalitis was mild omphalitis at 2.8% (three cases, who needed antiseptics or antibiotic creams but did not need hospitalisation; these cases of omphalitis were diagnosed because of the clinical symptomatology that the neonates presented) and moderate omphalitis at 0.9% (one case, who required hospitalisation and treatment with antiseptics and intravenous and local antibiotics). 
Umbilical cord separation time, predictors and complications
Neonates with omphalitis presented mild umbilical redness (n = 4, 100%), umbilical oedema (n = 2, 50%), serous drainage (n = 2, 50%), purulent discharge (n = 1, 25%), local heat (n = 0, 0%), local pain (n = 2, 50%), umbilical bad smell (n = 4, 100%), and positive culture of microorganisms by drainage and blood (n = 1, 25%). These newborns had no other complications. Table 5 shows the results in terms of the evaluation criteria for omphalitis.
Other associated complications in the first month of life of newborns appeared. Considering that the slight bleeding was very light (never active bleeding) and that the appearance of umbilical hernia is not associated with the healing process of the umbilical cord, it can be considered that 91.4% did not present a complication in the healing of the umbilical cord ( Table 5 ).
Analysing the appearance of complications in the healing of the cord according to the healthcare provided, we found that the presence of mild umbilical redness was associated with vaginal delivery (p = 0.01, Chi = 6.56, Phi = 0.25). Newborns born vaginally are four times more likely to have umbilical erythema than those born by Caesarean section (OR = 4.13, CI 1.32-14.06). Umbilical cord separation time, predictors and complications Statistically significant differences were found between the occurrence of slight umbilical bleeding after umbilical cord separation as a function of navel coverage with the diaper (p = 0.017, Chi = 5.7, Phi = 0.233, OR = 3.683, CI: 1. 21-11.25) .
The occurrence of omphalitis was related to skin-to-skin contact at birth (Fisher test, p value = 0.04, Chi = 8.006, Phi = 0.275). Newborns with skin-to-skin contact with the mother were almost 12 times more likely to have omphalitis than those who did not (OR = 11.750, CI: 1. 46-94.87 ). The association between the presence of mild umbilical redness and omphalitis was statistically significantly different (p = 0.048, Chi = 4.57, Phi = 0.21). Neonates with redness had a 51.8% probability of developing omphalitis (OR = 1.08, CI: 1.002-1.18).
Umbilical cord separation time prediction
A total of 10 independent variables were entered into the multiple linear regression model: how often the umbilical cord gets wet, birth weight, breastfeeding, natural birth, season of the year: spring, Streptococcus agalactiae positive, intrapartum antibiotics, length of hospital stay, time of the second stage of labour, and Apgar. In this study, diagnosis of the model was made by independence of residues (Durbin-Watson = 1.998). The residues were independent (residue normality: Kolmogorov-Smirnov residue: p value = 0.447), indicating normality. Linearity was seen with partial regression graphs, which showed linearity. Regarding homoscedasticity, the graph showed standardised residue, which did not have any standard. Non-collinearity: variance inflation factor (VIF) and tolerance: There was no VIF value greater than 1.05, suggesting that there was no problem of collinearity in this study. Extreme values were analysed with Cook's Distance (= 0.000-0.110). The linear regression model fulfilled the diagnostic criteria. A statistically significant linear regression model was obtained (p = 0.000), which explains 43.9% of the variance of the data (F [5, 98]: 15.361, R = 0.663, R 2 = 0.439) ( Table 6 ).
The 
Discussion
The findings have been discussed as per the objectives of the study.
Umbilical cord separation time
On the basis of the results of our study, the umbilical cord separation time with dry care obtained is similar to recent findings of other researchers: Authors found a median of 7 days (6-7 days) [25] , and other researchers also obtained comparable times with a mean of 7.12 days [26] or a median of 6 days [27] . In the same vein, cord separation time had a mean of 7.54 ±2.37 days [28] , and other authors also averaged 7.54±1.56 days [29] . Previous and thorough research has reported a mean of 6.58±2.16 days [30] , as well as the finding of 6.1 ± 2.1 days [31] and a mean of 6.6 days [32] . However, this result was in contrast with research conducted in Bangladesh [33, 34] , reported shorter umbilical cord separation times with mean results of 4.83±2.05 and 4.78±1.82, respectively. In Mullany et al. [34] research, the cause may be that the separation time was measured approximately.
Other researchers have obtained longer umbilical cord separation times, as well as the findings of a mean of 10 days [35] and a median of 11.7 days [15] ; these results could be explained by washing the umbilical area twice a day in both studies. Quattrin et al. [36] also reported an umbilical cord separation time of 10±4 days. There is a possibility that these results are also due to the locations where these studies were conducted, as they have the same climate according to the Köppen-Geiger climate classification, which differs from the dry climate in our research area.
Umbilical cord care and separation time
In accordance with our findings on how often the umbilical cord gets wet, results obtained by other authors show that the umbilical cord takes less time to separate when it is dryer [37] . However, others researchers have reported longer cord separation times when the umbilical cord got wet twice a day [15, 35] , or three times a day [38] . Daily bathing of the newborn also delayed the umbilical cord separation time in other studies [39, 40] .
Socio-demographic and clinical variables of newborns and separation time
The findings of this study show that the umbilical cord separation time is shorter in vaginally delivered neonates; this was in accordance with the current literature [1, 41, 42] . Neonates delivered by Caesarean section tend to have a longer cord separation time due to less bacterial colonization after birth; fewer leukocytes are attached to the umbilical cord [43] , and the cord separation is mediated by leukocytes [44, 45] . Other studies have had conflicting results in this regard, showing that there was no statistical relationship between cord separation time and type of delivery [29, 46] . Other researchers have obtained a significant difference in terms of the type of delivery and found that, using covariant analysis, the difference in umbilical cord separation time was not affected by this factor [30] , similar to our results in multivariate analysis.
No studies have been found in the literature comparing umbilical cord separation time with the presence of Group B Streptococcus in the vagina. Our results indicate that it delays the separation time, which may be due to the adhesion of the microorganism in the umbilical vein endothelium [47] or the concomitant use of antibiotics in these cases. Multivariate analysis showed that this variable has no statistical significance. Regarding the time of the second stage of labour, our results showed a negative correlation of association, and we can only speculate that prolonged delivery could influence local processes at the cord or general immune response. This hypothesis was also raised by other authors in view of their results [42] . Regarding the length of hospital stay, our results do not coincide with other authors who conclude that the cord separation time is not associated with the hours of hospitalization [27] . It should be noted that the multivariate analysis showed that this variable leaves the regression model.
Umbilical cord healing complications
Regarding the appearance of omphalitis in developed countries, our results are similar to those obtained by other authors, who showed incidences of omphalitis of 2.1% [42] , 2% [48] , and 1.5% [25] . Other authors have noted results of 1% omphalitis in countries with a very high or Umbilical cord separation time, predictors and complications high human development index [28, 36, 49, 50] . A study in Spain reported an incidence of 0.8% of omphalitis, which has been increasing in recent years, according to the authors [51] , similarly to the 0.9% incidence of moderate omphalitis shown in our results. In contrast, we discovered that researchers reported incidences of omphalitis of 0% [52] but the criteria for diagnosis of omphalitis were based on criteria of hospital readmission for omphalitis: need for systemic antibiotics related to the cord, pustules around the cord site, or 'scalded skin syndrome'; however, 3% needed topical antibiotics. Others researchers reported incidences of 0.08% [35] and 0.26% [53] , whose researches had important sample sizes. The presence of mild umbilical redness does not coincide with the results obtained by other studies, with values of 0.8% [52] or 7% [36] . Other authors have obtained a figure of 70% [54] . Our data are closer to the result of 30.5% [55] . None of these authors indicated the degree of redness.
Umbilical complications after separation
In our research, we had no cases of bleeding while the umbilical cord was connected to the neonate's abdomen; other authors obtained similar results [30] . Other researchers reported cord bleeding of 1.98% [52] and 10.6% [49] . Our results show 45.7% slight bleeding (just a few drops) after umbilical cord separation.
The incidence of granuloma in our research is very similar to that found by researchers at 8.7% [56] and 11.7% [42] . Studies have yielded conflicting results, with lower results such as 1-2% [36, 54] . No studies found have compared the presence of umbilical redness with the type of delivery or with covering the navel with the diaper. We have also found no studies comparing the association between skin-to-skin contact with omphalitis or the presence of mild redness with omphalitis.
Umbilical cord separation time prediction
Literature supports the umbilical cord separation time predictors reported by our research:
How often the umbilical cord gets wet has already been considered in previous paragraphs. In terms of birth weight, similar results were obtained by other authors, who reported that cord separation time increased with increasing birth weight, but, as in our study, the effect size was low [27] . In contrast, in some studies, multiple regression analysis showed no significant effect of birth weight on the time to umbilical cord separation [57] . Other authors have showed that there was a negative correlation between umbilical cord detachment time and birth weight of the infants in the pre-term group, but this correlation was not significant in term infants [58] . Regarding the administration of intrapartum antibiotics, our results indicate that their use delays the cord separation time. It is known that these antibiotics given to the mother will continue to be present in the amniotic fluid and umbilical blood [59, 60] . Maternal intrapartum antibiotic treatment continues to exert a bactericidal effect on the umbilical cord and peripheral venous blood of newborn infants [61] . This correlation has also been described by researchers who antibiotic use itself or the reason for antibiotic use might have an impact on the infiltration of the stump by polymorphonuclear leucocytes [45, 58] . However, other authors have showed that in the neonatal ICU, in pre-term infants, ante-natal antibiotic and corticosteroid use did not affect cord detachment time [58] . Only one study has been found that considers umbilical cord separation time according to the season of the year, which concludes that in spring the cord takes less time to detach [40] . In the area where that study was conducted, spring weather conditions are similar to summer in our geographical area. Our results indicated that umbilical cord separation time increased in spring, while it is true that the mean cord separation time in our research is shorter in summer than in the rest of the seasons, but these differences were not statistically significant. Neonates with Apgar scores of 7-8 one minute after birth have longer separation times than those with a higher score; these results coincide with other authors [42] , who show that neonates with a 10-min Apgar score of 10 had a significantly shorter cord separation time than those with an Apgar score < 10.
Conclusions and implications
The WHO in developed countries recommends dry cord care together with the use of soap and water when the cord is soiled, and our findings support these recommendations. Dry umbilical cord care is a safe practice that soon detaches the umbilical cord, taking into account the factors studied that will vary the length of time until the umbilical cord is separated. The profile of a newborn with the fastest cord separation time would be the one who gets wet the least, the one with an Apgar score > 8 at birth, the one whose mother does not receive intrapartum antibiotics, the one who is not born in spring, and the one who has a smaller weight at birth. Nevertheless, it is necessary to assess whether the increased incidence of omphalitis may be due to increased diagnostic sensitivity or a real problem in clinical practice.
The major practical application is family intervention that will consist of health education on the factors influencing umbilical cord detachment, especially wetting recurrence, where caregivers can intervene. Moreover, pointing out that the most frequent complication is umbilical granuloma would help to reduce the anxiety of families and professionals about the natural process of umbilical cord separation, in terms of healing characteristics and separation time. Increasing confidence in the practice of dry cord care contributes to the social learning of the unnecessary application of products for umbilical cord healing in developed countries.
Future lines of research would be to replicate the study in similar contexts in order to carry out a cross-validation of the multiple linear regression model and thus be able to make forecasts. At the same time, by increasing the sample, potentially unknown predictors can be highlighted that may affect umbilical cord separation time. Additionally, qualitative studies are recommended to explore the satisfaction and fears of the newborns' families with the dry cord care.
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